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Tsimlyansk Reservoir is the largest reservoir of the Rostov region and southern Russia. The main factors
for the formation of the hydrochemical regime of the Tsimlyansk Reservoir are the chemical composition of the
water entering the river runoff and its mixing with the water accumulated in the reservoir. The chemical com-
position of the surface waters of the Don River basin is characterized by great diversity, which is associated
with anthropogenic factors and the difference in the physiographic conditions in which the formation of surface
waters takes place. The main sources of pollution of the Don River surface waters are wastewater enterprises
of housing and communal services, chemical, petrochemical, metallurgical, agricultural and other industries,
shipping and small fleet. The catchment area of the Don is located in the zone of insufficient moisture, which
explains the cause of low-flow. The environmental situation in the Don basin, and especially on the Lower Don,
is characterized as stressful, and when low-flow years and periods occur in the basin, there may be water
shortages that manifest themselves not only in the lack of water of the required quality to meet the needs of
the population and economy, but also in the impossibility preservation of necessary conditions for the existence
of aquatic and riparian ecosystems. In this regard, the complex study of the hydrological and hydrochemical
and hydrobiological conditions in the Tsimlyansk reservoir is becoming increasingly important. The purpose of
the research was to study the current hydrochemical state of the Tsimlyansk reservoir, assess the dynamics
of changes in the hydrochemical situation in the water column over the period from November 2011 to Sep-
tember 2018, and indirectly estimate the productivity of the Tsimlyansky reservoir water by chlorophyll "a". The
published data were analyzed and compared with the results of our own research. The values of the N: P ratio
during the observation period, in most cases, indicated the limitation of the primary production by nitrogen.
The long-term dynamics of the content of the determined parameters under different water conditions did not
have pronounced tendencies; in general, the concentrations of nutrients in all field research are comparable,
subject to seasonal fluctuations, are in accordance with natural mechanisms and under anthropogenic influ-
ence.
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[A.B. KneweHkos, T.b. ®dunamoesa, B.C. Nepacrok F'mppoxmummnyeckass o6ctaHoBKa B LIUMNSIHCKOM BO-
AoXpaHunuLye no pesynbTartamMm HabnrogeHnn 2011-2018 rr.]

LinmnsiHckoe BogoxpaHunmLle SBAsSeTCs KpynHenwmnm BogoxpaHunuiiem PoctoBckor obnactu v ora
Poccun. OcHoBHbIMK hbakTopamn OpMUPOBaHNUS TMAPOXUMUYECKOTO pexuma LinmngHckoro BogoxpaHu-
nvwa sBnsieTcs XMMUYECKUA COCTaB BOAbl, MOCTyNarLen C PeYHbIM CTOKOM, U MPOLECCHI CMELLEHUS €€ C
BOAaMU, aKKyMyIMPOBaHHbIMW B BOOOXPaHMIMLLE. XMMUYECKMIN COCTaB MOBEPXHOCTHbIX BOA BacceriHa p. [oH
oTnuyaeTca 6onbLLMM pa3Hoobpa3sneM, YTO CBA3aHO C aHTPOMNOreHHbIMU hakTopamu 1 pasnuyinem u3amnko-
reorpadu4eckmx ycroBun, B KOTOPbIX NPOUCXOAUT (POPMUPOBAHME NOBEPXHOCTHbLIX BOA4. OCHOBHbLIMM UCTOY-
HUKaMn 3arpsi3HEHMs1 NOBEPXHOCTHbIX BoA GaccerHa p. [OH SBNAOTCHA CTOYHblE BOAblI NPEeAnpUATUR Xu-
TNALLHO-KOMMYHAmNbHOIO XO03ANCTBA, XUMMUYECKOW, He(TEXMMUYECKON, METanmypruyeckon, cernbCKOXO3sn-
CTBEHHOM U ApYyrnx oTpacnen NpoMbILLNIEHHOCTU, CYAOXOACTBO U ManomepHbii ¢not. BogocbopHasa nno-
waab JoHa pacnonoXxeHa B 30HE HEQOCTATOYHOMO YBMaXHeHUs, YTo obycrnoesnmMBaeT NpUYMHY ManoBOAUN.
Okonornyeckas obctaHoBka B 6acceriHe [JoHa, n ocobeHHo Ha HmxHem [JoHy, XxapakTepuayeTcsi Kak Hanps-
XEHHasi, a Npy HacTynNJeHUM ManoBOAHbIX NET N NepnoaoB B 6accelriHe BO3MOXHO BO3HWKHOBEHWE AeduLm-
TOB BOAHbLIX PECYPCOB, NMPOSBMASAIOLLMXCA HE TONMbKO B HEAOCTaTKe BOAbl HEOOXOAMMOro kavyecTsa Ans yao-
BMETBOPEHNA NOTPEOHOCTEN HaceneHus U 3KOHOMMKWU, HO U B HEBO3MOXHOCTU COXpPaHEHUSA HEOOXOOUMBIX
YCINOBUIN AN CYLECTBOBAHWUS BOOHbBIX U OKOMOBOAHBIX 3KOCMCTEM. B cBs3M ¢ 3TMM BCE Gonbluee 3HavYeHne
npuobpeTaeT KOMMMEKCHOE U3yYeHWe rMaporioro-rmgpoxXmMMmnyeckon n rmgpoduonornyeckorn o6cTaHoBku B
LnmnaHckom BogoxpaHunuwe. Llenbio NpoBeaéHHbIX MCCnegoBaHui SBMASNCE U3yYeHUE COBPEMEHHOIO
rMOPOXMMMYECKOrO  COCTOSIHMSA  LIMMnsHCKOro  BOAOXpaHMnMLWia, OueHKa AMHaMWKM  U3MEHEeHUs
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rMOpoOXMMMYECKo 06CTaHOBKM B BOAHOM TosLe 3a nepuod BpeMeHu ¢ HoA6pst 2011 1. no ceHTsi0pb 2018 1. 1
KOCBEHHas oueHKa NpoayKTMBHOCTWM BoA LiIMMnaHckoro BogoxpaHunuuia no cogepXaHuto xnopodunna "a".
lMpoaHanuanpoBaHbl onybnnkoBaHHbIE JaHHbIE M COMOCTaBIEHbI C pe3ynbTaTtaMmy COOBCTBEHHbIX CCnefoBa-
Hu. BennuunHbl oTHoweHusa N:P B nepuog HabnoaeHun, B 60NbLIMHCTBE Cry4vaeBs, yKasbiBanu Ha IMMUTUPO-
BaHMe NepBUYHON NPoayKLMKM a30ToM. MHOroneTHAS AUHaMUKa CoOAepXXaHusa onpeaensembix napaMmeTpoB B
YCNOBUSIX pasfnnyHON BOAHOCTU HE MMEra BblPaXXeHHbIX TEHAEHLMI, B LIENOM, KOHLIEHTpauumn GuoreHHbIX Be-
LLIeCTB BO BCEX IKCNEOULMNOHHBIX MCCNeJoBaHUAX CONOCTaBUMbI, NOABEPXKEHbI CE30HHLIM KONebaHuaM, Haxo-
OATCHA B COOTBETCTBMM C MPUPOSHBIMU MEXaHM3MaMN 1 NMoL, aHTPOMNOreHHbIM BANSHUEM.

KntoyeBble cnoBa: LinmnaHckoe BOAOXpaHUnuLLE, TMOAPOXUMUYECKUI PEXMUM, BUOreHHble BeLLecTBa,

NPOAYKTUBHOCTb, Xnopodunn "a".
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KneweHkoe Anekceli Bnadumuposuy — eedywuli Hay4yHbIl compyOHUK, kaHOudam 2eozpahuyecKux Hayk,
®eldeparbHbili uccriedosamernbckuli yeHmp HOxHbIO Hay4HbIlU ueHmp Pocculickol akademuu Hayk (FOHLJ
PAH), e. Pocmos-Ha-/[JoHy, Pocculickass @®edepayusi.

Qunamosa TambsiHa bopucosHa — Hay4HbIl compyOHUK, ®edeparnbHbil uccriedogamernbekull yeHmp FOx-
HbIU Hay4HbIl yeHmp Pocculickol akademuu Hayk (FOHL] PAH), . Pocmos-Ha-/[JoHy, Poccutickasi ®edepa-
yus.

lepacrok Bukmopusi CepeeesHa — Mnadwuli Hay4qHbil compyOHUK, @edepanbHbil uccriedogamernscKuli
ueHmp KOxHbIl Hay4YHbIU yeHmp Poccutickol akademuu Hayk (FOHL PAH), e. Pocmos-Ha-LJoHy, Pocculickas
®edepayusi.

This research work was carried out on materials collected by the staff of the Southern
Scientific Center of the Russian Academy of Sciences during the expeditions of 2011-2018,
of which 2011 and 2015 belong to the category of low-flow years, and in 2018 to the category
of high-flow. Hydrochemical observations included determination of the active reaction me-
dium (pH), dissolved oxygen concentration (DOC), nitrite content, nitrate, ammonium ions,
dissolved nitrogen, gross nitrogen, phosphates, dissolved phosphorus, total phosphorus,
silica, chlorophyll «a» of total suspended solids.

For hydrochemical studies, water samples were taken in accordance with the require-
ments of the Manuals ... [2] with the Molchanov bathometer from the surface and shallow
horizons. Concentrations of dissolved nutrients were determined in the stationary laboratory
of the Southern Scientific Center: phosphates were checked by the method of Morphy and
Riley; nitrites according to the method of Bendschneider and Robinson; nitrates according
to the method of Morris and Riley (modified by Grasshoff; Strickland and Parsons; Sapozh-
nikov, Gusarovoy, Lukashev); concentrations of bulk nitrogen and bulk phosphorus by the
method of Valderram [6].

During the expedition to the Tsimlyansk reservoir in November 2011, a hydrochemical
survey was carried out at 10 stations (see Figure 1).
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Figure 1. Map of the location of observation stations on the Tsimlyansk reservoir in
November 2011.

The data obtained show that the maximum concentrations of ammonium ions (2.50 mg
N/1), nitrates (0.55 mg N/I) and phosphates (0.14 mg P/I) were recorded at the southwestern
coast of the Tsimlyansk reservoir in the area of art. Ternovskaya (Art. 4). The minimum
values of ammonium (0.11 mg N/I) were observed at st. Khoroshevskaya (art. 3). At the
same time, the maximum contents of nitrites (0.05 mg N/ I) and silicon (8.57 mg Si/ l) were
determined at the southeastern shore of the reservoir at stations 9 (Kharseev village) and 8
(Krivsky village). The minimum amount of phosphates and silicon was observed in the
coastal waters of Volgodonsk and was 0.025 mgP/I and 5.752 mgSi/l, respectively. Such a
distribution of the maximum concentrations of ammonium ions, nitrates and phosphates can
be explained by weather conditions at the time of the expedition work, since it is known [8]
that under the action of the east and south winds, the greatest amount of pollution is retained
in the Ternovsky arroyo. The maximum nitrite content at stations 8 and 9 is possibly due to
fresh pollution.

During the September research in 2015, water samples were taken at 17 stations
(see Figure 2).
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Figure 2. Map of the location of observation stations on the Tsimlyansk reservoir in
September 2015.

During the expedition to the Tsimlyansk reservoir in May 2018, a hydrochemical sur-
vey was conducted at 21 stations according to ‘2015 map.

In September 2018, the expedition work in the Tsimlyanskoe reservoir was also per-
formed at 21 stations according to the previous scheme.

When analyzing the results obtained from the data of four expeditions to the Tsim-
lyanskoe reservoir, comparing them with the values at the stations and averages for the
periods of surveys with the values of the hydrochemical parameters to be determined and
comparing the data from different years, the following was shown.

The average concentrations of nitrites, nitrates, and silicon recorded during the au-
tumn survey in the low-flow 2011 year were similar, and the average values of the phos-
phate concentrations differed slightly compared with the corresponding values of the low-
flow 2015. The mean concentrations of nitrites, nitrates, and phosphates, recorded during
the autumn survey in high-flow 2018, were slightly lower (2.6, 5, and 2 times, respectively).

Seasonal fluctuations in the concentration of ammonium ions are usually character-
ized by an increase in early autumn with the intensification of the processes of bacterial
decay of organic matter during periods of aquatic organisms’ death, especially in the areas
of their accumulation. In September 2015, the average value of the concentration of am-
monium ions (0.063 mg/l) characterized the reservoir at the time of observations as low-
pollution, in September 2018, the concentrations were much higher, and the average con-
centration of ammonium ions was 0.160 mg/l, characterizing the reservoir as moderately
polluted during the shooting period.
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During the observation period, the concentrations of ammonium ions in the waters of
the Tsimlyansk reservoir were recorded in the range from <0.001 mg/l to 1.06 mg/l and 2.5
mg/l, and high concentrations were also recorded in May 2018. Since industrial effluents
enterprises contain up to 1 mg/l of ammonium ions, in household effluent — 2-7 mg/l of am-
monium ions [4], then the observed content can be explained by pollution of the reservoir
water with wastewater, when the negative anthropogenic impact on the studied area created
conditions for ammonium ions.

Nitrates are the final product of the mineralization of organic nitrogen-containing sub-
stances, their content in water, as a rule, significantly exceeds the content of ammonium
and nitrite nitrogen [5]. This pattern was observed by us only in September 2015, in other
cases the content of ammonium ions exceeded, sometimes significantly, (in May 2018) the
content of nitrates.

The main process leading to a decrease in the concentration of nitrates is their con-
sumption by phytoplankton and denitrifying bacteria. The concentration of nitrates in sur-
face waters is subject to noticeable seasonal fluctuations: the minimum during the growing
season, it increases in autumn and reaches a maximum in winter when nitrogen consump-
tion is minimal, but organic substances decompose and nitrogen passes from organic to
mineral forms [9]. The above is confirmed by the data we obtained, when in May 2018 the
average nitrate content was only 0.002 mg/l, while in autumn 2011, 2015 and 2018 it was,
respectively, 0.376 mgN/I, 0, 377 mgN/l and 0.075 mgN/I.

The highest content of nitrites is usually observed by the end of summer, which is
associated with the processes of aquatic organisms death and the decomposition of organic
residues, as well as an increase in the intensity of the process of nitrate reduction by deni-
trifying bacteria [3]. These data are confirmed by our results when the average nitrite content
was 0.003 mgN/l in May 2018, and in the fall of 2011, 2015 and 2018 it was, respectively,
0.031 mgN/I, 0, 026 mgN/l and 0.010 mgN/I.

In May 2018, during the period of sampling due to the storm, the water column was
subjected to wind mixing; the concentration of total suspended solids was distributed over
the studied water area, varying slightly, from 1.0 mg/l to 19.0 mg/l. In September, the expe-
dition was calm, or a weak southerly or south-westerly wind, the sea was 0.25 or <0.25 m,
the total suspension content in the Tsimlyansk reservoir was 2 mg/l - 136 mg/l. In article [7],
suspended matter concentrations up to 50-70 mg/l are indicated as maximum for the Don
delta and characteristic for spring and summer seasons, which is consistent with our data.

In September 2015, the waters of the Tsimlyansk reservoir were characterized as
neutral (average pH value 7.45), and in May and September 2018 as slightly alkaline (av-
erage pH values 8.35 and 8.38). The pH value of water is one of the most important indi-
cators of water quality. The concentration of hydrogen ions is of great importance for chem-
ical and biological processes occurring in natural waters, the development and vital activity
of aquatic plants, the stability of various forms of biogenic elements and the transformation
processes and the ratio of these forms, the toxicity of pollutants depend on pH.

Dissolved forms of silicon in waters are represented mainly by silicic acid, the products
of its dissociation and association, and organosilicon compounds. In a slightly alkaline me-
dium, the degree of polymerization is maximal; therefore, the proportion of polymeric forms
of silicic acids increases, which means that during the expedition work in the spring and
autumn of 2018, silicon was represented by polysilicic acids.

Also, phosphates in water may be present in the form of various ions, depending on
the pH value. In the pH range of 8-8.5, the proportion, %, of the double-substituted ortho-
phosphate HPO42- (95.12%-98.39%) compared to the single-substituted H204- (4.88%-
1.60%) is maximum. Thus, in May and September 2018, the phosphates were represented
mainly by di-basic orthophosphate. In September 2015, the share of HPO42- was also
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greater than the share of H2PO4-, since% HPO42- at pH 7 is equal to 66.10, and% H2PO4-
is equal to 33.90%.

At pH level of 8.2, only 7% of ammonia is present in water in the form of free ammonia,
and the remaining 93% is in the form of ammonium; Consequently, during the period of
research in the Tsimlyansk reservoir in 2015 and 2018 ammonia was present in dissolved
form, in the form of ammonium ions. As pH of the water increases, the danger to aquatic
organisms increases, since free ammonia is more toxic than ammonium nitrogen.

The number of indicative biological characteristics of eutrophication of water bodies
can be attributed to an increase in the content of chlorophyll "a". High concentrations of
chlorophyll "a" are, as a rule, a response to an increase in the content of organic nutrients
in water, and evidence of a high biomass of algae in the water column. In addition, chloro-
phyll "a" concentrations are an important indicator of the magnitude of the load of nutrients
and potential hypoxia. In order to perform an indirect assessment of the productivity of the
Tsimlyansk reservoir waters by the content of chlorophyll "a", in the autumn expedition
of 2015 and the spring expedition of 2018, the corresponding definitions of chlorophyll "a"
were carried out. In addition, in September 2015, concentrations of gross nitrogen and
phosphorus were determined. The content of chlorophyll "a" and the ratio of N:P in the
waters of the Tsimlyansk reservoir in September 2015 are presented in Figure 3.
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Figure 3. The content of chlorophyll a and the ratio N:P in the waters of the Tsimlyansk
reservoir in September 2015

According to the results of the expedition in September 2015, the content of chloro-
phyll “a” in the surface horizon varied from 2.7 mg/l to 103.2 mg/l, averaging 25.0 mg/l. The
average of total content in N and P concentrations were 1.7 mgN/L and 0.2 mgP/L, respec-
tively, and the N:P ratio was on average 8.5. The water column was almost always saturated
with oxygen: the DOC changed over the water area from 78% to 128%. The highest content
of chlorophyll "a" (103.2; 46.6; 39.4; 32.5) was observed, respectively, at stations 4; 5; 15;
6, the smallest one at station 10. It is noteworthy that the change in the N:P ratio did not
always correspond to changes in the content of chlorophyll “a”.

In May 2018, the content of chlorophyll "a" in the surface horizon ranged from 4.19
mg/l to 20.0 mg/l and averaged 9.9 mg/l. The temperature of the water was in the range of
15,8 °C-22,0 °C, and the average temperature was 19,7 °C. At stations 3; 4 and 5, the
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content of chlorophyll "a" was maximum for a given period of time (20.0; 19.06; 17.93), at
stations 14 and 9 it was minimum (4.19 and 4.26).

The zones where the weighted average concentration of chlorophyll “a” in the photic
layer exceeds 1 ppm during the vegetation period of phytoplankton can be considered highly
productive. In accordance with the accepted classification of water trophism according to
the content of chlorophyll “a”, proposed in [1], and based on the data obtained, the waters
of the studied water area of the Tsimlyansk reservoir during the observation period can be
characterized as eutrophic, highly productive.

The ratio of the concentration of gross nitrogen to the concentration of gross phospho-
rus (N: P), the size of which determines the response of phytoplankton to biogenic elements,
is also informative. It is believed that the development of algae is limited by nitrogen at N: P
<10, phosphorus at N: P> 15-17, and in the range N:P = 10-15, close to the ratio of elements
in the biological cellular material, the primary production is practically not limited one of the
considered elements [10]. Thus, it turns out that in September 2015, in waters of 10 sta-
tions, primary production was limited by nitrogen, since the N: P ratio was less than 10. At
5 other stations, primary production was not limited either by nitrogen or phosphorus, be-
cause the ratio N:P was in the range of 10-15. The average value for this observation period
was 8.5, which indicates that nitrogen was limited. In September 2018, the average value
of the N: P ratio was 3.7, which also indicated that the primary production was limited by
nitrogen.

At stations where primary production was not limited by either nitrogen or phosphorus,
elevated chlorophyll a concentrations were often, but not always, observed. The concentra-
tion of chlorophyll "a" is an indirect indicator of phytoplankton biomass. The trophic level in
terms of phytoplankton biomass and chlorophyll concentration “a” may differ slightly. Con-
centrations of chlorophyll "a" vary widely by season, year, place, since concentrations are
determined by pollution, temperature, lighting, seasons, and climatic conditions.

At stations where primary production was not limited by either nitrogen or phosphorus,
elevated chlorophyll a concentrations were often, but not always, observed. The concentra-
tion of chlorophyll "a" is an indirect indicator of phytoplankton biomass. The trophic level in
terms of phytoplankton biomass and chlorophyll concentration “a” may differ slightly. Con-
centrations of chlorophyll "a" vary widely by season, year, place, since concentrations are
determined by pollution, temperature, lighting, seasons, and climatic conditions.

It should be noted that with intensive mixing of water, such as, for example, in coastal
waters, the surface concentration of chlorophyll "a" reflects its weighted average content in
the layer, in deep-water zones, depending on the season and geographic location, the max-
imum of chlorophyll "a" on separate horizons from 10-20 m to 50-70 m, in some cases ex-
ceeding its quantity at the surface by 8-10 times. Therefore, to characterize the productivity
of water, it is necessary to use its weighted average content in the photic layer, or the total

[1].

According to the results of the expeditionary work in 2011, 2015 and 2018 the following
conclusions can be drawn.

Based on the recorded concentrations of chlorophyll “a”, the waters of the studied wa-
ter area of the Tsimlyansk reservoir can be characterized as highly productive (eutrophic).
The steady relationship between the distribution of chlorophyll "a" and the hydrochemical
characteristics of the water area confirms its informative capabilities. By virtue of its availa-
bility, efficiency, and sufficiently detailed spatial-temporal resolution, satellite information can
significantly complement the data obtained by traditional contact methods.

The N: P ratios during the observation period indicated that the primary production was
limited by nitrogen, but at several stations in September 2015, the primary production was
not limited by either nitrogen or phosphorus.
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In our opinion, the presentation of the results of hydrochemical studies in the form of
specific concentrations of substances and their relationship to MACs is more interesting and
informative than the approach taken to 2002 to assessing the quality of water in water bodies
using the specific combinatorial index of water pollution (SCIWP).

The long-term dynamics of the content of the determined parameters under different
water conditions did not have pronounced tendencies; in general, the concentrations of nu-
trients in all field research are comparable, subject to seasonal fluctuations, are in accord-
ance with natural mechanisms and under anthropogenic influence. The content of nutrients
in the waters of the Tsimlyansk reservoir in low-flow and high-flow years are expressed by
values of the same order. It is possible that the concentrations of biogenic substances in the
reservoir do not have a significant relationship with low- flow and high-flow year. To come
to a certain conclusion, it is necessary to continue the accumulation of information.

The publication was prepared in the framework of the implementation of the Southern
scientific center of Russian Academy of Science, No. of the project AAAA-A18-
118122790121-5; The work was supported by the Russian Foundation for Basic Research
and the Russian Geographical Society in the framework of the research project No.17-05-
41145 RGS “Study of the transformation of the environment and biota of the Tsimlyansk
reservoir and the Lower Don under conditions of climate change.”
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